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Diffractive deeply virtual Compton scattering (DiDVCS) is the process γ∗(−Q2) + N → ρ0 +
γ∗(Q′2) +N ′, where N is a nucleon or light nucleus, in the kinematical regime of large rapidity gap
between the ρ0 and the final photon-nucleus system, and in the generalized Bjorken regime where
both photon virtualities Q2 and Q′2 are large. We show that this process has the unique virtue of
combining the large diffractive cross sections at high energy with the tomographic ability of deeply
virtual Compton scattering to scrutinize the quark and gluon content of nucleons and light nuclei.
Its study at an electron-ion collider will enlighten the internal structure of hadrons.
INTRODUCTION
It is now common wisdom that the dominant mecha-
nism of a diffractive electroproduction process in the hard
regime is the scattering of a small transverse-size (O( 1Q ))
colorless dipole on a nuclear target, where Q is the vir-
tuality of the exchanged hard photon. This justifies the
use of perturbative QCD methods for the description of
the process. In the Regge inspired kT -factorization ap-
proach which is known to be applicable at high energy,
W  Q  ΛQCD, one writes the scattering amplitude
in terms of two impact factors with, at leading order,
a two Reggeized gluon exchange in the t-channel. The
Balitsky-Fadin-Kuraev-Lipatov (BFKL) evolution [1–3]
can then be applied to account for specific large energy
QCD resummation effects.
On the other hand, the unique features of nearly for-
ward exclusive hard scattering amplitudes in the gener-
alized Bjorken regime allowed to construct a vast pro-
gram aiming at the tomography of nucleons and light
nuclei. The theoretical framework is collinear factoriza-
tion [4–6] of the scattering amplitude into generalized
parton distributions [7, 8] and hard perturbatively calcu-
lable coefficient functions. Deeply virtual Compton scat-
tering (γ∗N → γN ′) (DVCS) and the timelike Comp-
ton scattering (TCS) related process (γN → γ∗N ′) have
been much discussed both theoretically and experimen-
tally [9], and shown to provide the best tool available for
a 3-dimensional imaging [10–13] of the quark and gluon
structure of the proton and light nuclei.
The process we study here - called DiDVCS for diffrac-
tive deeply virtual Compton scattering - adds the merits
of these two classes of reactions, with a large cross sec-
tion at large energy and an excellent resolution of the
nucleon’s interior. It is particularly well suited for future
experiments at an electron-ion collider which is under
active study recently [14–16].
KINEMATICS
We study the process
γ∗(q, ε)+N(p1, λ1)→ ρ0(qρ, ερ)+γ∗(q′, ε′)+N ′(p2, λ2) ,
(1)
at large squared energy sγN = (q + p1)
2, in the forward
limit where the ρ meson flies in the same direction as the
virtual initial photon and in the kinematical regime of
large rapidity gap between the ρ0 and the photon, i.e.
s1 = (qρ + q
′)2  s2 = (q′ + p2)2.
We define
Pµ =
pµ1 + p
µ
2
2
, ∆µ = pµ2 − pµ1 , (2)
and decompose momenta on a Sudakov basis as
vµ = γnµ + δpµ + vµ⊥ , (3)
with p and n the light-cone vectors (2p.n = s)
pµ =
√
s
2
(1, 0, 0, 1) ;nµ =
√
s
2
(1, 0, 0,−1) , (4)
and
vµ⊥ = (0, v
x, vy, 0) , v2⊥ = −~v2t . (5)
The particle momenta read
qµ = nµ − Q
2
s
pµ ,
pµ1 = (1 + ξ) p
µ +
M2
s(1 + ξ)
nµ ,
pµ2 = (1− ξ) pµ +
M2 + ~∆2t
s(1− ξ) n
µ + ∆µ⊥ , (6)
pµρ = αρ n
µ +
m2ρ
αρs
pµ ,
q′µ = αnµ +
Q′2 + ~∆2t
αs
pµ −∆µ⊥ ,
with M and mρ the masses of the nucleon and of the ρ
meson.
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2The total squared center-of-mass energy of the γ∗-N
system is
SγN = (q + p1)
2 ≈ (1 + ξ)s−Q2 +M2 . (7)
Neglecting masses and ∆T , we have
α+ αρ = 1 . (8)
Moreover, in the large rapidity gap regime, we have
αρ ≈ 1;α 1 . (9)
The squared sub-energies are
s1 = (pρ + q
′)2 ≈ Q
′2
α
,
s2 = (p2 + q
′)2 ≈ s(1− ξ)α+Q′2 (10)
≈ SγN 1− ξ
1 + ξ
α+Q′2 .
The skewness variable ξ is thus expressed in terms of
Q′2 and of the squared sub-energies (we neglect here Q2
compared to sγN ) as :
ξ =
Q′2 − s1(s2 −Q′2)/SγN
Q′2 + s1(s2 −Q′2)/SγN . (11)
Note that contrarily to the DVCS or TCS cases, ξ is not
proportional to Q′2. ξ = 1 at threshold (s2 = Q′2), and
decreases when the ratio s2Q′2 grows. ξ vanishes at the
limiting value s2 = Q
′2[1 + SγNs1 ].
This quantifies our statement that this process probes
the ξ = O(1) region of GPDs when Q
′2
s2
= O(1).
THE SCATTERING AMPLITUDE
We write the scattering amplitude of the process
γ∗L(q, ε)+p(p1, λ1)→ ρ0L(pρ)+γ∗L(q′, ε′)+p(p2, λ2) (12)
in the factorized form :
M = is
N2c − 1
∫
d2k
Φ1(k, r − k)Φ2(k, r − k)
(2pi)2k2(r − k)2 , (13)
where Φ1(k, r−k) and Φ2(k, r−k) are the impact factors
defined as (the color sum being taken care of):
Φ1(k, r − k) = 1
2
∫
dδ
2pi
Sγ∗g→ρgµν
2pµpν
s
, (14)
Φ2(k, r − k) = 1
2
∫
dγ
2pi
SNg→γ∗N ′gµν
2nµnν
s
, (15)
When calculating the impact factors, the gluon propa-
gator numerators are replaced by −gµν → −2pµnνs where
µ (resp. ν) is the index acting on the upper (resp.
ℓ
ℓ′
N N ′
γ∗(q)
γ∗(q′)
ρ
FIG. 1. Diffractive deeply virtual Compton scattering
FIG. 2. Feynman diagrams for the impact factor Φ2
lower) part of the Feynman diagram. The gauge invari-
ance of the amplitude allows us to make the substitution
εµL → 2Qs pµ, ε′µL → 2Q
′
αs p
µ (in the forward limit ∆⊥ = 0).
The γ∗L → ρL impact factor is well known [17, 18] and
reads at leading order (for ~r = 0) :
Φ1(~k,−~k) = C1
Q
∫
duφ(u)~k2
~k2 + u(1− u)Q2
, (16)
where C1 = 2CF
√
4piαem(4piαs)
fρ0√
2
, eu = 2/3, ed =
−1/3 and φ(u) is the longitudinally polarized ρ0 meson
distribution amplitude defined, at the leading twist 2, by
the matrix element [19]
〈0|u¯(0)γµu(x)|ρ0(pρ, ερL)〉 = 1√
2
pµρfρ0
∫ 1
0
du e−iupρ·xφ(z),
(17)
with fρ0 = 216 MeV, and by a similar expression with
opposite sign for d quarks.
The lowest impact factor Φ2 is a new object that we
calculate in the collinear approximation from the dia-
grams of Fig. 2. It vanishes at leading twist for a trans-
verse virtual photon and equals for a longitudinally po-
larized virtual photon to:
Φ2(~k,−~k) =
∑
q
C2
Q′
∫ 1
−1
dx θ(ξ2 − x2) 4ξ2~k2 (18)
× U¯(p2, λ2)[nˆeqH
q(x, ξ, t) + iσ
n∆
2M eqE
q(x, ξ, t)]U(p1, λ1)
(x2 − ξ2)Q′2 + 4ξ2~k2 − i
,
3with C2 = −4CF (4piαs)
√
4piαem/s and where U(pi, λi)
are the in-going and out-coming nucleon spinors and
H(x, ξ, t) and E(x, ξ, t) are the usual vector generalized
parton distributions defined as [4]:
〈p(p2, λ′)| q¯
(
−y
2
)
γ+q
(y
2
)
|p(p1, λ)〉
=
∫ 1
−1
dx e−
i
2x(p
+
1 +p
+
2 )y
−
u¯(p2, λ
′)
[
γ+Hq(x, ξ, t)
+
i
2m
σ+α∆αE
q(x, ξ, t)
]
u(p1, λ) . (19)
Note that there is no contribution to the impact factor
from the axial nor from the transversity GPDs and that
the contributions of the H and E GPDs to the impact
factor come only from their ERBL region −ξ < x < ξ.
This property is rather unique and much related to the
diffractive kinematics as shown in the related studies [20–
22].There is of course no contribution from the gluon
GPDs since the C-parity of the (two gluon + photon)
system is odd.
This impact factor looks very much like Φ1 after a suit-
able redefinition of the integration variable as u = x+ξ2ξ ,
which is not surprising since the lower impact factor is
very similar to the upper one when the ρ meson DA is re-
placed by the GPD. It has however a different and very
interesting analytic structure; it develops an imaginary
part when ~k2 < Q
′2
4 . This imaginary part is propor-
tional to the value of the GPDs at x = ±ξ
√
1− 4~k2Q′2 .
This is reminiscent of, but different from, the imagi-
nary part developed by the DVCS amplitude for x =
±ξ. The difference is due to the non-vanishing virtu-
ality of the t−channel exchanged gluons, in the present
kT−factorization approach, as compared with the usual
collinear factorization.
The γ∗LN → ρLγ∗LN ′ amplitude in the diffractive re-
gion can then be written in terms of diffractive Compton
form factors Hd(ξ, t) and Ed(ξ, t) as
iM = U¯(p2, λ2)[nˆHd(ξ, t) + iσ
n∆
2M
Ed(ξ, t)]U(p1, λ1),(20)
where
Hd(ξ, t) = C
∫
d2~k
(2pi)2(~k2)2
∫ 1
0
du
~k2φ(u)
~k2 +Q2u(1− u)
(21)
×
∫ ξ
−ξ
dx
~k2[euH
u(x, ξ, t) + edH
d(x, ξ, t)]
~k2 +Q′2 x
2−ξ2
4ξ2 − i
,
Ed(ξ, t)] = C
∫
d2~k
(2pi)2(~k2)2
∫ 1
0
du
~k2φ(u)
~k2 +Q2u(1− u)
(22)
×
∫ ξ
−ξ
dx
~k2[euE
u(x, ξ, t) + edE
d(x, ξ, t)]
~k2 +Q′2 x
2−ξ2
4ξ2 − i
,
with C =
29pi3αemC
2
Fα
2
Sfρ√
2QQ′(N2c−1)
. In the simple case where the ρ
DA has the asymptotic shape Φ(u) = 6u(1− u), the d2~k
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FIG. 3. An estimate of the real (lower curves) and imaginary
(upper curves) parts of the diffractive Compton form factors
Hd (left panel) and Ed (right panel) at Q2 = Q′2 = 4 GeV2
and t = −0.1GeV2, divided by the pre-factor 6fρK/
√
2Q4
from Eq. (23).
and the du integrations can be performed analytically,
while the dx integration depends on the specific shape of
the nucleon GPDs [23]. After the integration over d2~k,
the diffractive Compton form factorHd reads in this case:
Hd = 6fρK√
2Q3Q′
∫ ξ
−ξ
dx[euH
u(x, ξ, t) + edH
d(x, ξ, t)] (23)
×
{ −2z√
4z + 1
[
Li2
( −2√
4z + 1− 1
)
− Li2
(
2√
4z + 1 + 1
)]
−2− (ln z − ipi)
[
1− 4z√
4z + 1
coth−1(
√
4z + 1)
]}
,
with z = Q
′2
Q2
(ξ2−x2)
4ξ2 andK =
27pi2αemC
2
Fα
2
S
N2C−1
, and a similar
expression for E . We show on Fig. 3 the ξ−dependence
of the real and imaginary parts of these diffractive form
factors in the case Q2 = Q′2, with the GPDs taken from
Ref. [24].
NEXT TO LEADING ORDER CORRECTIONS
The amplitude (20) is valid at the leading order in
αs and one must discuss how the inclusion of higher or-
der contributions will modify it. We leave for further
work these delicate studies but summarize what is known
4about these contributions in quite similar processes, and
what we might expect from their study.
• Firstly, the γ∗ρ impact factor is known at NLO [18]
in the forward kinematics discussed here [25] and
there is no basic problem to include the NLO re-
sult here. The inclusion of this result in the pro-
cess γ∗γ∗ → ρρ lead to important numerical cor-
rections [26].
• The two gluon exchange is but the first step in
the construction of the perturbative Pomeron and
BFKL evolution should be implemented to take
care of the tower of reggeized gluon exchanges.
This has been performed for the simpler process
γ∗γ∗ → ρρ [26, 27], leading to a big enhancement
factor with a moderate energy dependence when
compared to a two gluon exchange [28, 29].
• Finally, the Born approximation calculation of the
N → γ∗N ′ impact factor should be supplemented
with one loop calculation. The similarity of the
Born results for γ∗ρ and N → γ∗N ′ impact factors
naturally leads to the conjecture of a very similar
NLO analysis for both cases, with the important
difference of the timelike vs spacelike nature of the
virtual photon, where one expects analytic contin-
uation effects, such as those discussed in Ref. [30].
PHENOMENOLOGICAL PERSPECTIVES
Eqs. (20-23) are the central results of our study. Let
us now discuss the main signatures of our description of
diffractive DVCS.
• The amplitude is energy independent at Born or-
der, and would acquire a mild energy dependence
when BFKL evolution is turned on.
• The amplitude scales like SγNQ3Q′ f(Q/Q′, ξ), at fixed
t.
• The initial virtual photon is longitudinally polar-
ized, which makes the electroproduction cross sec-
tion ϕ−independent, where ϕ is the azimuthal an-
gle of the initial lepton plane.
• The produced virtual photon is longitudinally po-
larized. The lepton pair that originates from its
decay will thus have the characteristic sin2 θ shape,
where θ is the angle of one lepton momentum with
respect to the dilepton momentum, boosted to the
dilepton center of mass system.
• There is a leading target transverse spin asymme-
try, proportional to the product of the Hd(ξ, t) and
Ed∗(ξ, t) diffractive Compton form factors.
We leave for further studies a detailed phenomenologi-
cal analysis of the diffractive DVCS reaction. The order
of magnitudes of the diffractive Compton form factors
indicate that this process should be measurable at a fu-
ture high luminosity electron-ion collider, provided the
detector in the proton fragmentation region is well in-
strumented to detect the lepton pair. A feasibility study
within a realistic experimental scenario, although highly
welcome, is clearly out of the scope of this letter.
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